Direct photolysis and quenching experiments with styrene oxide support the existence of an efficient triplet photochemical pathway to benzyl radical formation. Similar photolytic behavior for styrene glycol carbonate strongly supports the 1,3-diradical, resulting from the scission of the benzylic C-O bond, as the geometric source of the triplet pathway. Primary photoproducts were determined by both NMR and HPLC analysis and we observed that toluene and bibenzyl were both primary photoproducts, not secondary photoproducts.
Scheme 1. Proposed mechanism of the photoreaction of styrene oxide (1) .
We also reported on the triplet decarbonylation pathway in the photochemistry of 1, 2-dihydroxynaphthalene oxide [9] in which indane (5) is formed as a primary photoproduct, shown in Scheme 2.
The singlet dissociation of the oxirane (sensitized irradiation revealed no reaction) was followed by a triplet state decarbonylation leading to 5 as a primary photoproduct.
Results and Discussion
Irradiation of 1a, b (254 nm, 0.05 M on acetonitrile) gave 2, 3 and toluene (6) as products by NMR spectroscopy [10] . Scheme 3 shows that irradiation of 1 and 7 both gave 2, 3 and 6.
The formation of 3 and 6 was observed by GC/MS, HPLC and 1 H NMR spectroscopic analyses at short irradiation times (<5% conversion) suggesting these two compounds are primary photoproducts. The irradiation (254 nm, CH 3 CN) of 1 (0.05M) in the presence of a triplet quencher isoprene (0.015 M) exhibited a 69% reduction in the early formation of both 3 and 6 in the early stages of the photoreaction, which shows a triplet pathway for the formation 3 and 6 as primary photoproducts. Quenching of the triplet most likely occurs prior to the dissociation of the benzylic C-C bond as indicated by the reduction of 3 and the absence of any carbonyl ylid derived products.
Attempts to form 3 and 7 by means of a triplet-sensitized photolysis of 1 were unsuccessful as the initial ring opening is a singlet state process although we have shown that dihydronaphthalene oxide undergoes photochemical reaction to produce indan-1-carbaldehyde through a singlet process and that the starting epoxide sensitizes the decarbonylation of the aldehyde to produce indane. Here, we have 1 sensitizing the conversion of 2 to 3 and 6. Formation of 6 was monitored by HPLC analysis of the reaction ( Figure 1 ). The upward curvature at longer reaction times shows that 6 originates from two sources: an early relatively inefficiently source and a later more efficient source which correlates with increasing formation of 2.
To gain more insight into these separate reaction pathways, he corresponding quantum yields were determined [10] We also monitored the formation of 3 in the reaction of 1 ( Figure 1 ). As observed for 6, the formation of 3 showed a steady significant rate of formation that increased dramatically later as the reaction progressed due to its production from two sources, 1 and 2.
Styrene glycol carbonate (7) reportedly mimics the photochemistry of 1 [11] with the photo-induced extrusion of CO 2 to generate the same diradical, (1a) as derived from 1 (Scheme 1). Analysis of the early formation of 3 and 6 during the photolysis of 7 by HPLC showed that both were minor primary photopro-
ducts (Scheme 3).
This process is similar for the behavior observed for 1 supporting the position that the generation of the additional benzyl radicals occurred after the formation of 1a rather than via a separate pathway from the starting oxirane as seen in products, but no 7-phenylnorcarane was detected [10] . An earlier report on the photolysis of phenyl diazomethane with cyclohexene showed that the singlet/triplet states of phenylcarbene rapidly equilibrate to give mainly norcarane derivatives with 2% -5% insertion into the allylic C-H bond leading to 8 [12] .
Similarly, photolysis of β, β-dideuterio styrene oxide in the presence of cyclohexene produced 8d, 3b, and 9. 
Experiment
Styrene oxide (SO) was purchased commercially and stirred over semicarbazide hydrochloride before being distilled under reduced pressure. Styrene glycol carbonate (SGC) was prepared as described previously [9] . NMR data were recorded with a 300 MHz instrument and product amounts were determined by HPLC using a 60:40 acetonitrile/water mobile phase with propylbenzene as an internal standard. Photochemical reactions were carried out with a Rayonet Photochemical Reactor equipped with either eight RPR 2454 lamps (direct irradiation) or 8 RPR 3000 lamps (sensitized irradiations).
Photochemical Studies of SO and SGC
Direct irradiations were carried out on 5 mL samples (0.05 M in acetonitrile) after outgassing with argon for 15 minutes. Sensitized irradiations were carried out in acetone solution (0.05 M) after outgassing for 15 minutes with argon.
Reactions in the presence of cyclohexene were carried out with 40 mg of SO and 100 mg of cyclohexene in acetonitrile after outgassing for 15 minutes with argon. Quenching studies were carried out using SO and isoprene under conditions such that SO absorbed >99% of the incident light.
Analyses of the reaction by GC/MS. GC/MS conditions were such that the inject was set at 50˚C and the data collection set at 1 minute to capture data for tolu-ene.
Limitations of the Study
In these reactions, we find that the reaction works well when the process involves a simple 1,3-diradical. For example, the photolysis of 2, 2-dimethyl-3-phenyloxirane is not reactive due to the non-reactivity of the oxirane due to geometric restraints [13] . We find that the same process holds true for spiro(fluorene-9,2'-oxirane). 
